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The  present  study  deals  in  part with  the  serological  specificity of 
azoproteins derived from aromatic hydrocarbons other than benzene, 
namely  the  polynuclear  compounds  p-aminodiphenyl,  ~-naphthyla- 
mine and t~-anthramine; in addition, a number of substances containing 
two benzene rings--azoproteins from p-aminodiphenyl ether, p-amino- 
diphenyl  methane,  p-aminobenzophenone  (and  p-aminophenylazo- 
benzene)--,  were examined because their reactions have been used to 
substantiate  certain  theoretical  conclusions  concerning  serological 
specificity (Erlenmeyer and Berger (2)). 
Techn~lue.--Preparation  of antigens: To 4 millimols  of the finely ground sub- 
stances were added 10 cc. N HC1 and diazotization carried out at 0-5°C. by addi- 
tion of 4 cc. N NaNOs.  With ¢~-naphthylamine  and ~S-anthramine diazotization 
was carried out in 5 N acid and the excess acid nearly neutralized by addition of a 
requisite  amount  of  NaOH  to  the serum  before coupling.  The solutions were 
filtered, added to a cold mixture of 70 cc. normal serum and half that volume of N 
Na~COs, coupled for 10 minutes at a  reaction alkaline to phenolphthalein,  and 
precipitated, if not already out of solution, with 10 per cent HC1.  After washing 
three times with saline and passing through gauze to break up lumps the azo- 
proteins were dissolved in saline solution by adding at once enough N NaOH to 
bring tlae solution to N/20,  (and in some cases a very small quantity of alcohol), 
the solution neutralized within a few minutes by cautious addition of N/10 HC1, 
and  diluted  with  saline  to  a  concentration  of  approximately  1.0  per  cent  of 
protein.  With  some antigens,  to  have clear solutions  for the  tests,  the  stock 
solution was clarified by a drop of N NaOH, which was subsequently diluted with 
saline to  the proper concentration. 
Iraraunizations.--Rabbits were given intravenous courses of 6 daily injections of 
* The results have previously been mentioned briefly (1). 
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20 mg. each on alternate  weeks and bled t  week after the last injection.  The 
antigens were prepared from horse serum.  In several cases difficulty was encoun- 
tered in obtaining sufficiently potent antisera, particularly with fl-anthramine, for 
which only one serum was obtained. 
Tests.--Antigens  were prepared  from  chicken serum, except  as  specified. 
Antigen dilutions are given in terms of a 5 per cent solution.  The intensity  of 
reactions is indicated as follows: 0, f. tr. (faint trace), tr. (trace),  ±, ~-, +, +~-, 
etc. 
The  reactions  of  antisera  for  azoproteins  from  fl-anthramine,  p- 
aminodiphenyl,  p-aminodiphenyl  methane  and  aniline  were  tested 
with the homologous antigens and others made from ~-naphthylamine 
and p-toluidine.  The results are given in Table I.  It will be observed 
that  the  azoproteins  from  aniline  and  toluidine  were  rather  well 
differentiated from the polycyclic compounds aminodiphenyl methane, 
aminodiphenyl,  ~-naphthylamine,  and  fl-anthramine.  Naphthyla- 
mine antigen reacted with antiserum to fl-anthramine  as well as with 
the antisera  to the other two polycyclic compounds, which appeared 
to be quite similar when tested with a  diphenyl serum.  In general, 
differences were greater  with  increasing  disparity  in  structure;  thus 
only a slight cross reaction was observed between aniline and/~-anthra- 
mine azoproteins. 
The reactions of the other antisera and antigens are summarized in 
Table  II.  According  to Erlenmeyer  and  Berger  antisera  to  amino- 
diphenyl methane and aminodiphenyl ether antigens were identical in 
their  serological  reactions,  due  to  the  similarity  of  CH,  and  O  in 
electronic  structure,  whereas  the  antigen  from  aminobenzophenone 
containing,  instead,  the  group  C=O,  not  related  to  CH2 and  O  in 
this respect, would react with "diphenyl methane  antiserum"  not at 
all, and but slightly with antiserum to diphenyl ether antigen.  This, 
along with other of their observations, was used as an argument  for 
the  hypothesis that  compounds isosteric in  the  sense of  Grimm  (3) 
(which replace each other in crystals) are serologically equivalent. 
Not quite in accordance with this our results showed that when the 
test antigens were prepared with another protein (chicken serum) than 
that used for immunization several diphenyl methane sera, e.g.  serum 
I,  were  found  to  show  a  definite  difference  between  the  diphenyl 
methane  and  diphenyl  ether  antigens.  Some  diphenyl  ether  and 
diphenyl  methane  antisera  gave  no  or  weak  reactions  with  benzo- JOHN JACOBS  355 
phenone antigen but others gave quite distinct precipitation with this 
azoprotein,  and  the  benzophenone  antisera  reacted  with  diphenyl 
ether  and  diphenyl methane  antigens  although  markedly  less  than 
with the homologous one. 
While,  as mentioned above, diphenyl methane and diphenyl ether 
sera were  found which reacted strongly with  the  two  corresponding 
antigens and weakly or not at all with benzophenone antigen after 1 
hour,  in later  readings definite reactions were mostly seen.  Antisera 
to p-aminodipl~enyl gave distinct reactions of similar strength with all 
three compounds,  contrary to the assumption  that the -0-,  -CH2-, 
and -CO-  groups are decisive for the  specificity of these compounds. 
Thus it would appear that the serological difference between diphenyl 
ether and diphenyl methane is definitely, but not very much, less than 
that between these two compounds and benzophenone. 
Since Erlenmeyer and Berger (2) used antigens prepared from horse serum both 
for immunization and testing it  was  thought that  the discrepancies  might be 
accounted for by this technique.  Accordingly,  p-aminodiphenyl ether  and p- 
aminodiphenyl methane antisera were tested against  the homologous  antigens 
and that of p-aminobenzophenone,  all prepared with horse serum, with the result 
shown in Table III.  Now the difference between diphenyl ether and diphenyl 
methane was obliterated for the most part as in Erlenmeyer and Berger's experi- 
ments, and some of these sera failed to react with p-aminobenzophenone  antigen 
with the small amount of antiserum used, although others gave distinct reactions. 
However, in experiments where the protein used is the same in the test as in the 
immunizing  antigens the reactions will partially depend on this common com- 
ponent.  1  With this in mind, tests were made with immune sera to substances 
that would not be expected to react with these compounds to any considerable 
extent, and here again the benzophenone antigen was found to be less reactive 
with some sera (Table IV), a result which cannot he explained on the basis of the 
difference between the CO, O, and CH~. 
On  account of an error due to a  mislabelled  commercial  preparation  (since 
mentioned by Landsteiner (5)) another of the cases advanced by Erlenmeyer and 
Berger to support their theory, namely the reactions of two aminobiomosulfonic 
acids, can no longer serve as an example.  Here it appeared that the interchange 
of the substituents NH~ and Br did not affect their specificity.  However, the two 
preparations considered to be 4-brornoaniline-2-sulfonic acid and 4-bromoaniline- 
3-sulfonic acid were later found to be the same substance,  namely 4-bromoaniline- 
2-sulfonic  acid.  On  testing  azoproteins  from  preparations  of  the  two  acids 
t A criticism concerning this point was made also by Heidelberger (4). 356  SEROLOGICAL REACTIONS Ol  ~ AZOPROTF--,INS 
named, made in this laboratory,  they proved to be serologically different (Table 
V), moreover a dear distinction between the two acids was obtained in inhibition 
reactions as shown in Table VI.  Thus from the inhibition reactions NH2 and 
Br or CI appear to be serologically  not equivalent; the evidence from precipitation 
tests with azoproteins does not,  of course, serve to compare these substituents, 
since NH2 groups have been changed to N  -- N. 
Returning to experiments on the specificity of hydrocarbons, it may 
be said that, so far, they have been made on a small scale only.  They 
seem to indicate that considerable differences exist, especially between 
benzene and its derivatives and  some of the polynuclear rings.  The 
continuation of these experiments would be desirable, especially from 
the point of view of whether or not the specificities which are recorded 
in Table I indicate that the carbon rings as such take part in the union 
with antibodies and are the directly determining factor in the reactions. 
SUMMARY 
Serological  reactions  of  azoproteins  from  p-aminodiphenyl,  ~- 
naphthylamine,  ~-anthramine  and  some  compounds  containing  two 
benzene Hngs (aminodiphenyl methane etc.) have been described, the 
last mentioned substances having been the subject of theoretical dis- 
cussion on serological specificity. 
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TABLE  III 
Horse  serum  used  in  preparation  of  antigens.  Antigen  dilutions  1:500. 
1 drop of immune serum used in each case.  First reading taken after 30 minutes 
at  room  temperature  (first line);  second reading  made  after  1 hour  at  room 
temperature with sera I  and after standing overnight in the ice box with sera II 
(second lint). 
Immune  sers 
p-Aminodi- 
phenyl 
ether 
p-Aminodi- 
phenyl 
methane 
Antigens  from 
p-Aminodiphenyl  ether 
+ 
++ 
+± 
+++ 
+ 
+± 
+± 
+++ 
p-Aminodiphenyl  methane  p-Aminobenzophenone 
H 
+  + 
++  ++ 
~-  0 
+++  tr. 
+  ~- 
+±  +± 
+±  0 
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TABLE  IV 
Antigen  (horse)  dilutions  l:500.  2  drops  of immune serum used  except  in 
the case of anthranilic acid antiserum of which 1 drop was used.  Readings were 
taken after 1 hour at room temperature---first line---and after standing overnight 
in the ice box--second line. 
Antigens  prepared from  horse serum and 
p-Aminodlphenyl  ether  p-Aminodiphenyl  methane  p-Aminobenzophenone 
Immune  sera 
I  H 
Normal horse se-  0  0  0 
rum  tr.  f. tr.  0 
Anillue 
Aminodiphen~ 
Aminophenyhzo- 
benzene 
Anthranilic acid 
+ 
+± 
++ 
+++ 
++ 
++± 
++ 
++ 
-I-+ 
++ 
++ 
++± 
+ 
++ 
++ 
+~- 
0 
0 
tr. 
4- 
+ 
f. tr. 
=b 
TABLE  V 
Antigen  (chicken)  dilutions  1:500.  2  drops of immune serum used  in  each 
case.  Readings taken after 1 hour at room temperature. 
Antigens  from 
i~  NH~  NH2  NH~  Immune  sera  S03H  ()  ~  SO~-I 
SOaH  Br  Br SOsH 
NH2  ~ 
SOsIt 
Br 
NH~ 
~SO~H 
Br 
+-~ 
+  +± 
++ 
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